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Specification 

Receiving Circuit, and Receiving Apparatus and 
Transmitting/Receiving Apparatus Using the Receiving Circuit 
Technical Field 

[0001] The present invention relates to a direct conversion 
system receiving circuit used for mobile communications, as 
well as a receiving apparatus and a transmitting/receiving 
apparatus using the receiving circuit. 
Background Technology 

[0002] In recent years, demand for miniaturization and 
reduction in cost has increased for mobile communication 
devices such as cellular phones. In order to meet this demand, 
direct conversion system receiving apparatuses of which the 
number of parts can be greatly reduced have come into wide use. 

[0003] There is a problem, however, with the DC offset voltage 
of such direct conversion system receiving apparatuses. The 
DC offset voltage is a primary factor in damaging the dynamic 
range of amplifiers, A/D converters and the like which are used 
for signal processing of received signals and deteriorating the 
bit error rate, which is a scale for indicating the quality of 
reception. Direct conversion system receiving apparatuses and 
receiving circuits having a means for suppressing this DC offset 
voltage have already been proposed. 

[0004] In the following, a direct conversion receiving circuit 
according to the prior art is described. 
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[0005] Fig 2 shows an example of a direct conversion system 
receiving circuit according to the prior art. In Fig 2, symbol 
101 indicates a receiving circuit. Symbol 102 indicates an 
output terminal of receiving circuit 101 . Symbol 104 indicates 
an input terminal of a receiving circuit 101. Symbol 105 
indicates a mixer. Symbol 106 indicates an input terminal for 
a local oscillation signal. Symbol 107 indicates a variable 
gain amplifier. Symbol 108 indicates a low pass filter. 
Symbol 109 indicates a capacitor. Symbol 110 indicates a 
resistor. Symbol 111 indicates a high pass filter formed of 
capacitor 109 and resistor 110. Symbol 112 indicates a gain 
control apparatus. Symbol 114 indicates a reference voltage 
supply in high pass filter 111. 

[0006] In addition, Fig 5 shows the gain setting in a variable 
gain amplifier according to the prior art and chronological 
change in the output DC voltage of respective portions of the 
receiving circuit . 

[0007] In Fig 5, waveform a represents the chronological change 
in the gain setting of variable gain amplifier 107. In this 
gain setting, the set gain changes from gain d to gain G 2 in 
step form at time ti . 

[0008] Waveform b represents the chronological change in the 
output DC voltage of mixer 105. The output DC voltage of this 
mixer 105 has a value that is higher than the original operating 
point voltage (shown as broken line) because of DC offset 
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voltage V OFS which exists in the output of mixer 105 and in the 
input of variable gain amplifier 107. 

[0009] Waveform c represents the chronological change in the 
output DC voltage of variable gain amplifier 107. The output 
DC voltage of this variable gain amplifier 107 changes in step 
form in response to the change in the gain setting due to the 
existence of DC offset voltage V 0FS in the output DC voltage of 
mixer 105. Here, the broken line indicates the output DC 
voltage of variable gain amplifier 107 in the case where DC 
offset voltage V OF s does not exist. 

[0010] Waveform d represents the chronological change in the 
output DC voltage of low pass filter 108 . The output DC voltage 
of this low pass filter 108 has a transient response waveform 
that responds to the change in step form in the output DC voltage 
of variable gain amplifier 107 . Here, the broken line indicates 
the output DC voltage of low pass filter 108 when DC offset 
voltage V 0 fs does not exist. 

[0011] Waveform e represents the chronological change in the 
output DC voltage of high pass filter 111. The transient 
response in the output DC voltage of low pass filter 108 remains 
in the output DC voltage of this high pass filter 111. 
[0012] The operation of the direct conversion system receiving 
circuit formed as described above is described in the following. 
[0013] In the direct conversion system receiving circuit, 
frequency conversion is carried out using a local oscillation 
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signal that is inputted into input terminal for local 
oscillation signals 106, so that a high frequency signal that 
is inputted from signal input terminal 104 into mixer 105 is 
converted to a base band signal and then outputted. In the 
direct conversion system, however, the carrier frequency of 
this high frequency signal and the oscillation frequency of the 
local oscillation signal have the same frequency. Therefore, 
in the case where the local oscillation signal leaks to signal 
input terminal 104, for example, this leaked signal has the same 
frequency as the local oscillation signal, and therefore, is 
outputted as a DC offset voltage as a result of frequency 
conversion in mixer 105. In addition, a DC offset voltage is 
generated due to relative inconsistency in the circuit elements 
which form variable gain amplifier 107, low pass filter 108 and 
the like. 

[0014] It is possible to remove a DC offset voltage that has 
been generated in this manner using high pass filter 111 which 
is formed of capacitor 109 and resistor 110. In addition, it 
is possible to sufficiently pass the base band signal by 
appropriately setting the cut off frequency of this high pass 
filter 111. Thus, it is possible to gain a demodulated signal 
without deteriorating the quality of the received signal (see 
for example Patent Document 1). 

Patent Document 1: Japanese Unexamined Patent Publication Hll 
(1999) -225179 
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Disclosure of the Invention 

Problem to Be Solved by the Invention 

[0015] In the configuration of the prior art shown in Fig 2, 
however, when the gain of variable gain amplifier 107 is changed 
from Gl to G2 using gain control apparatus 112 as shown in 
waveform a of Fig 5, DC offset voltage V 0F s (waveform b of Fig 
5) changes in response to this change in the gain, as shown in 
waveform c of Fig 5, in the output DC voltage of variable gain 
amplifier 107. 

[0016] This change in the voltage generates a transient response 
(waveform d of Fig 5) by means of low pass filter 108. This 
voltage is inputted into high pass filter 111, and therefore, 
there is transient fluctuation in the DC voltage, as shown in 
waveform e of Fig 5, in the output of high pass filter 111. As 
a result, a problem arises, such that the quality of reception 
deteriorates . 

[0017] An object of the present invention is to provide a 
receiving circuit which, when implemented, makes it easy to 
avoid deterioration in the quality of reception when the gain 
setting is changed, as well as a receiving apparatus and a 
transmitting/receiving apparatus using the receiving circuit. 
Means for Solving Problem 

[0018] The present invention is primarily characterized in that 
the output of a high pass filter that is cascaded with a variable 
gain amplifying apparatus is fixed at a reference voltage for 
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a constant period of time when the gain of the variable gain 
amplifying apparatus is changed, and the cutoff frequency of 
a low pass filter that is cascaded with the variable gain 
amplifying apparatus and the high pass filter is set higher than 
the original cutoff frequency for a constant period of time. 
[0019] In order to achieve this object, the receiving circuit 
of the present invention and a receiving apparatus and a 
transmitting/receiving apparatus using the receiving circuit 
are provided with the configuration according to the prior art, 
and in addition, the low pass filter has a function of changing 
the cutoff frequency by means of a control signal, and a switch 
is connected to the output of the high pass filter. Thus, the 
above described switch is controlled so that the output of the 
above described high pass filter is fixed at a reference voltage 
for a constant period of time in response to the control for 
changing the gain of the variable gain amplifying apparatus, 
and the configuration allows the above described low pass filter 
to be controlled so that the cutoff frequency thereof increases 
for a constant period of time. 

[0020] This configuration makes it possible to suppress the 
transient response of the DC voltage which is generated when 
the gain is changed and shorten the period of time for transient 
response, and accordingly, the period of time during which the 
received signal is missing can be shortened, making it possible 
to prevent the quality of reception from deteriorating. 
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[0021] In the following, the invention is concretely described. 
[0022] A receiving circuit of the present invention is provided 
with: a variable gain amplifying apparatus for amplifying a 
received modulated signal; a high pass filter for removing low 
frequency components of the modulated signal which is cascaded 
to the variable gain amplifying apparatus; a switch for fixing 
the output voltage of the high pass filter to a reference 
voltage; a low pass filter for removing high frequency 
components of the modulated signal which is cascaded to a 
cascaded circuit of the variable gain amplifying apparatus and 
the high pass filter and makes it possible to change the cutoff 
frequency; and a gain control apparatus for changing the gain 
of the variable gain amplifying apparatus in order to change 
the size of the modulated signal that passes through the 
variable gain amplifying apparatus, the high pass filter and 
the low pass filter. 

[0023] In addition, in response to control for changing the gain 
of the variable gain amplifying apparatus, the gain control 
apparatus controls the switch, and thereby, fixes the output 
of the high pass filter at the reference voltage for a constant 
period of time, and in addition, controls the low pass filter, 
and thereby, makes the cutoff frequency of the low pass filter 
higher than the original cutoff frequency for a constant period 
of time. 

[0024] It is preferable for the gain control apparatus in the 
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above described receiving circuit of the present invention to 
be formed as follows . That is to say, the gain control apparatus 
controls the switch, and thereby, fixes the output of the high 
pass filter at the reference voltage, and, at the same time or 
after a constant period of time has passed, controls the low 
pass filter, and thereby, increases the cutoff frequency of the 
low pass filter, carries out control for changing the gain of 
the variable gain amplifying apparatus after a constant period 
of time has passed after the cutoff frequency of said low pass 
filter has increased, and controls the low pass filter after 
a constant period of time has passed after the control for 
changing the gain so as to return the cutoff frequency of the 
low pass filter to the original state, and releases the output 
of the high pass filter from the fixed state at the reference 
voltage -after a constant period of time has passed after the 
cutoff frequency of the low pass filter has returned to the 
original state. 

[0025] In addition, in the above described receiving circuit 
of the present invention, one or more variable gain amplifying 
apparatus, high pass filter and low pass filter which are the 
same as the above described variable gain amplifying apparatus, 
high pass filter and low pass filter, are cascaded in an 
arbitrary order and combination. 

[0026] In addition, in the above described receiving circuit 
of the present invention, it is preferable for a mixer for 



- 8 - 



carrying out frequency conversion using a local oscillation 
signal so that a received and gained high frequency signal 
including a modulated component is converted to the modulated 
signal to be provided in an input portion of the variable gain 
amplifying apparatus . 

[0027] A receiving apparatus of the present invention is 
provided with: the above described receiving circuit having a 
mixer; a source for a local oscillation signal which supplies 
the local oscillation signal to the mixer; and a demodulating 
means for carrying out appropriate signal processing on a 
modulated signal gained from the receiving circuit so as to gain 
a predetermined demodulated signal. 

[0028] In addition, a transmitting/receiving apparatus of the 
present invention is provided with: a receiving apparatus as 
described above; a transmitting apparatus for modulating a 
predetermined signal and carrying out frequency conversion so 
as to gain a high frequency signal which is then fed out; and 
a signal selecting apparatus where one selection terminal 
portion is connected to an input of the receiving apparatus and 
the other selection terminal portion is connected to an output 
of the transmitting apparatus. 

[0029] In the above described transmitting/ receiving apparatus, 
an antenna switch or a duplexer is used as the signal selecting 
apparatus . 

Effects of the Invention 
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[0030] As described above, according to the present invention, 
a switch is provided for the output of a high pass filter, and 
the output of the high pass filter is fixed at a reference voltage 
using the switch in response to the change in the gain of a 
variable gain amplifier, and the cutoff frequency of a low pass 
filter is made higher than the original cutoff frequency. As 
a result, the transient response of the DC voltage which is 
generated in the output of the high pass filter when the gain 
is changed can be prevented, and in addition, the period during 
which there is a transient response can be shortened, and 
accordingly, the period during the received signal is missing 
can be shortened. Consequently, an excellent receiving 
circuit having good quality of reception, as well as a receiving 
apparatus and a transmitting/receiving apparatus having the 
same can be implemented. 
Brief Description of the Drawings 

[0031] [Fig 1] Fig 1 is a circuit diagram showing the 

configuration of a portion of a receiving circuit according to 
Embodiment 1 of the present invention; 

[Fig 2] Fig 2 is a circuit diagram showing the 
configuration of a portion of a receiving circuit according to 
the prior art; 

[Fig 3] Fig 3 is a circuit diagram showing the 
configuration of a receiving apparatus according to Embodiment 
2 of the present invention; 
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[Fig 4] Fig 4 is a circuit diagram showing the 
configuration of a transmitting/receiving apparatus according 
to Embodiment 3 of the present invention; 

[Fig 5] Fig 5 is a schematic diagram showing the change 
in the outputted DC voltage in respective portions of a 
receiving circuit when the gain is changed according to the 
prior art; and 

[Fig 6] Fig 6 is a schematic diagram showing the change 
in the DC output voltage in respective portions of a receiving 
circuit when the gain is changed according to Embodiment 1 of 
the present invention. 
Explanation of Symbols 
[0032] 101 receiving circuit 

102 output terminal of receiving circuit 101 

104 input terminal of receiving circuit 101 

105 mixer 

106 input terminal for local oscillation signal 

107 variable gain amplifier 

108 low pass filter 

109 capacitor 

110 resistor 

111 high pass filter 

112 gain control apparatus 

113 switch 

114 reference voltage supply 
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201 source for local oscillation signal 

202 demodulated signal processing circuit 

203 receiving apparatus 

204 input terminal of receiving apparatus 203 

205 transmitting apparatus 

206 output terminal of transmitting apparatus 205 

207 duplexer 

2 08 transmitting/ receiving apparatus 

209 terminal of transmitting/receiving apparatus 208 

a waveform showing change in gain determined by gain 

control apparatus 112 

b waveform showing DC offset voltage generated in output 

of mixer 105 or in input of variable gain amplifier 107 
c waveform showing change in DC voltage in output of 

variable gain amplifier 107 

d waveform showing fluctuation in DC voltage in output of 

low pass filter 108 

e waveform showing fluctuation in DC voltage in output of 

high pass filter 111 according to prior art 

f waveform showing example of state of switch according to 

Embodiment 1 

g waveform showing DC voltage in output of high pass filter 

111 according to Embodiment 1 

h waveform showing effects when cutoff frequency of low 

pass filter 108 is increased according to Embodiment 1 
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h' waveform showing effects when cutoff frequency of low 
pass filter 108 is further increased according to Embodiment 
1 

k waveform showing state of cutoff frequency of low pass 

filter 108 according to Embodiment 1 

ti time when gain of variable gain amplifier 107 is changed 
according to Embodiment 1 

t 2 time when state of switch 113 is returned to original open 

state according to Embodiment 1 

t3 time when cutoff frequency of low pass filter 108 is 
returned to original state according to Embodiment 1 
t 4 time when state of switch 113 is changed to a short state 
according to the embodiment 

t 5 time when cutoff frequency of low pass filter 108 is 

increased according to the embodiment 
Best Mode for Carrying Out the Invention 

[0033] In the following, the embodiments of the present 
invention are described in reference to the drawings. 
Embodiment 1 

[0034] In the following, a receiving circuit according to an 
embodiment of the present invention is described in reference 
to the drawings. Fig 1 shows an example of the configuration 
of a receiving circuit according to this embodiment of the 
present invention. In Fig 1, symbol 101 indicates a receiving 
circuit. Symbol 102 indicates an output terminal of receiving 
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circuit 101. Symbol 104 indicates an input terminal of 
receiving circuit 101. Symbol 105 indicates a mixer. Symbol 
106 indicates an input terminal for a local oscillation signal. 
Symbol 107 indicates a variable gain amplifier which changes 
the gain in response to a control signal. 

[0035] Symbol 108 indicates a low pass filter which can change 
the cutoff frequency by switching the time constant in response 
to a control signal. The resistance value of the resistor and 
the capacitor which form the low pass filter can be switched 
using a switch or the like, and thereby, the time constant can 
be switched. 

[0036] Symbol 109 indicates a capacitor. Symbol 110 indicates 
a resistor. Symbol 111 indicates a high pass filter formed of 
capacitor 109 and resistor 110. 

[0037] Symbol 113 indicates a switch for fixing the output 
voltage of high pass filter 111 at a reference voltage in 
response to the control signal that is supplied from gain 
control apparatus 112. Symbol 112 indicates a gain control 
apparatus for supplying a control signal to variable gain 
amplifier 107, low pass filter 108 and switch 113. Symbol 114 
indicates a source for a reference voltage of high pass filter 
111 . 

[0038] In addition, Fig 6 is a diagram illustrating the 
chronological change in the gain of variable gain amplifier 107, 
the state of the cutoff frequency of switch 113 and low pass 



- 14 - 



filter 108, and the DC voltage of respective portions of the 
receiving circuit according to the present embodiment. 
[0039] In Fig 6, waveform a shows the chronological change in 
the gain setting for variable gain amplifier 107. In this gain 
setting, the gain changes from gain Gi to gain G 2 in step form 
at time ti . 

[0040] Waveform d shows the chronological change in the DC 
voltage outputted from low pass filter 108. The DC voltage 
outputted from this low pass filter 108 has a transient response 
waveform corresponding to the change in step form in the DC 
voltage outputted from variable gain amplifier 107. Here, the 
broken line indicates the DC voltage outputted from low pass 
filter 108 in the case where DC of f set voltage V 0 fs does not exist . 
[0041] Waveform f shows the state of switch 113. This switch 
113 changes from the open state to the short state at time t 4 
and returns from the short state to the open state at time t 2 . 
[0042] Waveform g shows the chronological change in the DC 
voltage outputted from high pass filter 111. The DC voltage 
outputted from this high pass filter 11 is maintained at a 
constant voltage. 

[0043] Waveforms h and h' show the chronological change in the 
DC voltage outputted from low pass filter 108 which has been 
improved by temporarily increasing the cutoff frequency of low 
pass filter 108 prior to the change in the gain of the variable 
gain amplifier. Here, the cutoff frequency of low pass filter 



- 15 - 



108 when waveform h' is gained is higher than the cutoff 
frequency of low pass filter 108 when waveform h is gained. 
[0044] Waveform k shows the chronological change in each state 
of the cutoff frequency of low pass filter 108. The cutoff 
frequency of this low pass filter 108 is increased at time ts 
and returned to the original state at time t 3 . Here, time t 5 
and time t 3 may be the same as time t 4 and time t 2 , respectively. 
[0045] The operation of the receiving circuit that is formed 
as described above is described in the following. 
[0046] In the configuration of Fig 1, the DC offset voltage is 
generated in the same manner as in the prior art, and likewise, 
there is a transient response waveform (waveform d of Fig 6) 
in the output of low pass filter 108 when the gain of variable 
gain amplifier 107 is changed. 

[0047] Here, as shown in waveform f of Fig 6, during the period 
where there is a transient response in low pass filter 108 
starting from time t 4 before time ti when the gain of variable 
gain amplifier 107 is changed by gain control apparatus 112, 
switch 113 is converted to the short state so that the output 
of high pass filter 111 is fixed at the voltage of the source 
for a reference voltage 114, and thereby, a transient response 
can be prevented in the DC voltage in the output of high pass 
filter 111, as shown in waveform g of Fig 6. 

[0048] However, conversion of switch 113 to the short state, 
where the voltage is fixed at the voltage of source for a 
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reference voltage 114, means cutting off the received signal, 
and therefore, it is desirable to shorten the period of this 
short state, in order to maintain a good quality of reception. 
[0049] The period during which there is transient response in 
low pass filter 108 depends on the cutoff frequency, and when 
the cutoff frequency is increased, the period during which there 
is transient response becomes shorter than the original period, 
as shown in waveforms h and h' of Fig 6. Therefore, switch 113 
is converted to the short state before time ti, and the cutoff 
frequency of low pass filter 108 is increased sufficiently. 
Then, the cutoff frequency is returned to the original state 
at time t 3 , after low pass filter 108 has settled to a constant 
state, and switch 113 is returned to the original open state 
at time t2 after this. By doing so, it becomes possible to 
prevent transient response in the DC voltage in the output of 
high pass filter 111 even when the period during which the 
received signal is cut off is shortened, and it becomes possible 
to maintain a good quality of reception. 

[0050] As described above, in the receiving circuit according 
to the present embodiment, the output of high pass filter 111 
is fixed at the voltage of source for a reference voltage 114 
by means of switch 113 in response to the change in the gain 
of variable gain amplifier 107 by means of gain control 
apparatus 112, and the cutoff frequency of low pass filter 108 
is increased. As a result, a transient response signal can be 
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prevented in the DC voltage in the output of high pass filter 
111 when the gain is changed. Consequently, it becomes possible 
to maintain the good quality of the received signal. 
[0051] In addition, though in the above described embodiment, 
a state where one variable gain amplifier 107, one low pass 
filter 108 and one high pass filter 111 are connected is shown, 
it is also possible to change the order of connection of variable 
gain amplifier 107 and low pass filter 108 according to the 
present invention. That is to say, though in the above 
described embodiment, a variable gain amplifier, a low pass 
filter and a high pass filter are connected in this order, 
connection may be made in the order of variable gain amplifier, 
high pass filter, low pass filter, or the connection may be in 
the order of low pass filter, variable gain amplifier, high pass 
filter. In addition, the same effects can be gained also in 
the case where a number of combinations as these are cascaded. 
Embodiment 2 

[0052] Next, Embodiment 2 of the present invention is described 
in reference to the drawings . Fig 3 is a circuit diagram showing 
an example of the configuration of a receiving apparatus 
according to this embodiment of the present invention. In Fig 
3, symbol 101 indicates the same receiving circuit as that 
according to the above described Embodiment 1. Symbol 102 
indicates an output terminal of receiving circuit 101. Symbol 
104 indicates an input terminal of receiving circuit 104. 
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Symbol 106 indicates an input terminal for a local oscillation 
signal. Symbol 201 indicates a source for a local oscillation 
signal. Symbol 202 indicates a demodulated signal processing 
circuit. Symbol 203 indicates a receiving apparatus formed of 
these components. Symbol 204 indicates an input terminal of 
receiving apparatus 203. 

[0053] The operation of the receiving apparatus that is formed 
as described above is described in the following. 
[0054] Frequency conversion is carried out using a local 
oscillation signal that is generated by source for a local 
oscillation signal 201, so that a high frequency signal that 
has been inputted into input terminal 204 is converted to a 
modulated signal in a base band within receiving circuit 101. 
[0055] The method for preventing transient response in the DC 
voltage when the gain is changed in receiving circuit 101 is 
the same as that described in the above described Embodiment 
1 . 

[0056] Appropriate signal processing is carried out by 
demodulated signal processing circuit 202 on the modulated 
signal which has been adjusted to an appropriate level within 
receiving circuit 101 and outputted to output terminal 102, and 
thus, it becomes possible to gain a predetermined demodulated 
signal . 
Embodiment 3 

[0057] Next, Embodiment 3 of the present invention is described 
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in reference to the drawings . Fig 4 is a circuit diagram showing 
an example of the configuration of a transmitting/receiving 
apparatus according to this embodiment of the present invention. 
In Fig 4, symbol 203 indicates the same receiving apparatus as 
that according to the above described Embodiment 2. Symbol 204 
indicates an input terminal of receiving apparatus 203. Symbol 
205 indicates a transmitting apparatus. Symbol 206 indicates 
an output terminal of transmitting apparatus 205. Symbol 207 
indicates a duplexer. Symbol 208 indicates a 

transmitting/receiving apparatus formed of these components. 
Symbol 209 indicates a terminal of the transmitting/receiving 
apparatus. 

[0058] The operation of the transmitting/receiving apparatus 
that is formed as described above is described in the following. 

[0059] A high frequency signal that has been inputted from 
terminal 209 is selectively outputted only to input terminal 
204 by means of duplexer 207. The method for gaining a 
predetermined demodulated signal from the high frequency signal 
that has been inputted into receiving apparatus 203 through 
input terminal 204 and the method for preventing transient 
response in the DC output are the same as those described in 
Embodiment 2 . 

[0060] The high frequency signal on which appropriate signal 
processing is carried out in transmitting apparatus 205 is 
inputted into duplexer 20 through output terminal 206 and 
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selectively outputted to terminal 209. Here, the common 
terminal of duplexer 207 is connected to, for example, an 
antenna . 

[0061] It becomes possible to implement a 

transmitting/receiving apparatus having high precision by 
providing the configuration described above. 

[0062] Here, though a case where duplexer 207 is used is 
described in the above, it may be possible to replace this with 
an antenna switch, depending on the system used. 
Industrial Applicability 

[0063] As described above, according to the present invention, 
a switch is provided for the output of a high pass filter, and 
this switch is fixed at a reference voltage in response to the 
change in the gain of a variable gain amplifier, and the cutoff 
frequency of a low pass filter is changed, and thereby, 
transient response can be prevented in the DC voltage in the 
output of the high pass filter when the gain is changed. 
Accordingly, an excellent receiving circuit having good quality 
of reception, as well as a receiving apparatus having the same 
and a transmitting/receiving apparatus having such a receiving 
apparatus as a component, can be implemented. 
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